The periplasmic D-ribose-binding protein of Escherichia coli K-12 is made initially as a larger precursor form. This precursor was observed in wild-type cells and more stably in cells inhibited for protein secretion Antibody to RBP was used to detect mature and precursor forms of the protein from cell extracts. The RBP used as antigen was prepared by SP-Sephadex chromatography of periplasmic extracts (11), followed by a subtractive adsorption against QAE-Sephadex (pH 8.0) and preparative sodium dodecyl sulfate-polyacrylamide gel electrophoresis (further details of antigen preparation will be published elsewhere). The procedure for rabbit immunization with rehydrated, lyophilized gel slices has been described previously (10).
The periplasmic space of Escherichia coli, located between the inner and outer membranes, contains two major classes of proteins: (i) degradative enzymes that perform scavenger functions and (ii) binding proteins that function in small molecule transport or chemotaxis (1) . To the latter class belong binding proteins for the sugars D-ribose, maltose, L-arabinose, and Dgalactose. The transport systems for maltose and ribose appear to be absolutely dependent on the respective binding proteins, whereas significant binding-protein-independent transport occurs for arabinose and galactose (for a review, see reference 9).
To study the mechanism by which proteins, such as these binding proteins, are secreted across membranes, we wish ultimately to isolate mutants of E. coli that are pleiotropically defective in the localization of proteins to the periplasm. Since the transport and subsequent metabolism of both ribose and maltose depend on binding protein function, a potential procedure for detecting such mutants would screen for simultaneous loss of the ability to utilize either sugar. Although many aspects of the secretion of maltose-binding protein (MBP) Antibody to RBP was used to detect mature and precursor forms of the protein from cell extracts. The RBP used as antigen was prepared by SP-Sephadex chromatography of periplasmic extracts (11), followed by a subtractive adsorption against QAE-Sephadex (pH 8.0) and preparative sodium dodecyl sulfate-polyacrylamide gel electrophoresis (further details of antigen preparation will be published elsewhere). The procedure for rabbit immunization with rehydrated, lyophilized gel slices has been described previously (10) .
The specificity of the antiserum was demonstrated by precipitations of extracts from a strain wild type for the ribose pathway and strains carrying mutant alleles. Strain MRiO (araD araC Aliac-169 trp(Am) rpsL), which is inducible, and strain MC4100 (araD Alac-169 thi rpsL), which is constitutive for the ribose system (J. Lopilato and J. Beckwith, unpublished data), showed the expected patterns for RBP synthesis (Fig. 1, lanes 1, 2, 4 , and 5). Strain MRilO6 (MC4100 derivative), carrying a mutation (DG19) that reduces RBP synthesis (3), showed little corresponding material in antibody precipitates (Fig. 1, lane 3) .
To detect the precursor of RBP, we used two bacterial strains which, under the appropriate conditions, accumulate the precursor of MBP. The first strain, MM18 (MC4100, A p7247), produces a hybrid protein composed of an N-terminal portion of MBP and the C-terminal portion of Pgalactosidase. When the synthesis of this hybrid protein is induced by adding maltose to the growth medium of MM18, proper localization and processing of a number of exported proteins, including MPB, is inhibited (4). Here we show the same to be true for RBP. When strain MM18 was grown in minimal glycerol medium and its protein was labeled for 1 min, predominantly normal-molecular-weight RBP was observed on gels (Fig. 1, lane 7) . However, when MM18 was grown for 2 h in the presence of 0.2% maltose and then pulse-labeled, the predominant species precipitated by anti-RBP antibody was a protein of apparent molecular weight 2,000 to 3,000 greater than that of mature RBP (Fig. 1,  lane 8 ). Qualitatively identical results were observed for MBP in strain MM18 (4). Arlington Heights, Ill., specific activity, 1 Ci/mmol) was added to a final concentration of 20 ,uCi/ml for 1 min.
Incorporation was stopped by adding trichloroacetic acid to 7% concentration (4). Subsequent immune precipitation was performed as described previously (4), by the wash modifications described by Oliver and Beckwith (in press) and with 0.5 mg of bovine serum albumin per ml in the immune precipitation mix. Samples loaded on the gel represented immune precipitations from equivalent total counts of hot trichloroacetic acidprecipitable material (7) . Sodium dodecyl sulfate-polyacrylamide gel electrophoresis used the buffer system of Laemmli (6), the separating gel containing 11% acrylamide and 0.29% N, N'-methylenebisacrylamide. The gel was treated with 0.5 M salicylate (2), dried, and exposed to Kodak XR5 film at -70°C. For this experiment, all media contained glycerol, and the incubation temperature of the culture was 30°C, unless otherwise indicated. Ribose or maltose was added to a final concentration of 0.2% for 2 h when indicated. (Fig. 1, lane 9) . When MM52 was shifted to 37°C for 2 h, the predominant species (Fig. 1, lane 10 2A) . To show that the putative precursor is a true kinetic precursor of periplasmic RBP, a pulse-chase protocol was followed for strains MM18 and MM52. When the RBP species was labeled by a 2-min pulse followed by 0-, 2-, 6-, and 14-min chases, the precursor RBP appeared to be slowly processed to mature form in strains MM18 and MM52. The result was consistent with observations on the precursor of MBP in strain MM18 (4), whereas in strain MM52 precursor MBP did not appear to be processed (Oliver and Beckwith, in press). Further evidence that RBP and MBP are secreted by similiar pathways was obtained by were labeled with 20 pCi of [35S]methionine per ml for 2 min, followed by the addition of nonradioactive methionine to 0.05% and a further 1-min chase. The incubations were terminated by the addition of the incubated material to an equal volume of crushed ice. To the ice had been added chloramphenicol sufficient for a final concentration of 100 ,ug/ml and NaN3 for a final concentration of 0.02%. All subsequent steps were performed at 4 to 10°C, in the presence of chloramphenicol and NaN3. The subcellular fractionation into periplasmic, membrane, and cytoplasmic fractions was as described by Oliver and Beckwith (in press), except that 30 mM HEPES buffer (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) was used instead of Tris-chloride. Immune precipitation was performed as described in the legend to Fig. 1 , except that both anti-RBP and anti-MBP rabbit serum were used in the immune precipitation. The anti-MBP serum was the gift of W. Boos. Lanes 1 through 3, subcellular fractions from strain MM18, grown for 60 min, in the presence of 0.2% maltose and at 30°C. Lanes 5 through 7, subcellular fractions from strain MM52, grown for 110 min at 37°C in the presence of 0.2% maltose. Lanes 1 and 5, periplasmic fractions; lanes 2 and 6, membrane fractions; lanes 3 and 7, cytoplasmic fractions. Lane 4 contains radioactive standards labeled with [3H]propionate as described by Rock and Cronan (8) . The visible band is carbonic anhydrase (molecular weight, 30,000). Lane 8 shows the mature RBP and MBP species immune-precipitated from the periplasmic fraction of MC4100. (Fig. 3) . These results provide evidence that RBP is made initially as a larger precursor form that is subsequently processed to mature size, as is the case with all other periplasmic proteins studied. This higher-molecular-weight species was seen after very short pulse-labeling periods in the wild type and after even longer labeling periods in cells in which protein secretion was inhibited either by an MPB-3-galactosidase hybrid protein or by a conditional lethal mutation. In the latter cases, pulse-chase experiments indicated that this higher-molecular-weight species is a precursor of RBP. In wild-type cells the processing of the precursor took place so rapidly as to suggest predominantly cotranslational cleavage. In contrast, when secretion was inhibited to some degree (strains MM18 and MM52), a much slower posttranslational processing occurred. These results, in conjunction with those of others (4, 5) , raise the possibility that although cotranslational secretion is the normal mode of export for most proteins, a much slower posttranslational mode is also possible. If this is the case, it is important in formulating models for the passage of normally secreted proteins through membranes.
The results extend the range of known pleiotropic effects of both the hybrid protein (strain MM18) and the pleiotropic mutation of strain MM52. The latter is of particular interest since the secAI151 allele affects only a subset of secreted proteins (Oliver and Beckwith, in press). The results support the conclusion that RBP and MBP have many common features in their export and, therefore, may share the same secretion pathway. Thus, screens for mutants simultaneously defective in secretion of both RBP and MBP may well yield mutants in many steps along the shared secretion pathway.
